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(54) SENSOR CIRCUIT FOR RECOGNIZING SURFACE SHAPE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the detection 
accuracy of a sensor circuit for recognizing surface 
shape. 

SOLUTION: A sensor circuit for recognizing surface 
shape is constituted of a capacitance sensor element 1 1 J J Vfl 




the capacitance of which changes in accordance with the tc^x K ; 1 ? . K » 

} f 4--—— «tp,f?*j- 

surface shape, such as the irregularities, etc., of the : ^ !- 1 b =o 1 ' 

fingerprint of a finger, a signal generating circuit 15 
which generates the voltage signal corresponding to the 
capacitance of the element 1 1 , and a detection circuit 20 
which detects the voltage signal of a node N1 which is 
the junction between the element 11 and circuit 15. The 
signal generating circuit 15 is constituted of a capacitive 
element 14 having a capacitance value Cs. The first 

terminal of the element 14 is connected to the node N1 and the voltage at the second terminal 
of the capacitive element 14 is set at a first potential. After the node N1 is charged with 
charges, in addition, the charges in the node N1 are extracted by changing the voltage at the 
second terminal of the capacitive element 14 to a second potential. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The capacity sensor component from which capacity changes according to the shape of 
surface type of the object which contacted, The signal generating circuit which it connects [ signal 
generating circuit ] with said capacity sensor component, and generates the voltage signal according to 
the capacity of this capacity sensor component, It consists of a detector which is connected at the joint 
which shows the node of said capacity sensor component and signal generating circuit, and detects the 
voltage signal of said joint. In the sensor circuit for surface type-like recognition which said detector 
detects the voltage signal of said joint after a charge is charged at said joint, and is outputted said signal 
generating circuit While having the 1st and 2nd terminals, said 1st terminal consists of a capacitative 
element which has the capacity value Cs connected at said joint. Said signal generating circuit The 
sensor circuit for surface type-like recognition characterized by changing said 2nd terminal to the 2nd 
potential, and generating said voltage signal from said capacitative element after a charge is charged at 
said joint while setting the electrical potential difference of the 2nd terminal of said capacitative element 
as the 1st potential. 

[Claim 2] It is the sensor circuit for surface type-like recognition characterized by the thing by which 
said 1st potential is set in claim 1 to either the power-source potential of the sensor circuit for surface 
type-like recognition, and ground potential, and for which said 2nd potential is set [ both ] as any of said 
power-source potential and ground potential, or another side. 

[Claim 3] It is the sensor circuit for surface type-like recognition characterized by said capacitative 
element consisting of a semiconductor device in claim 1 or claim 2. 
[Claim 4] It is the sensor circuit for surface type-like recognition characterized by for said 
semiconductor device consisting of an MOS transistor in claim 3, for the gate terminal of said MOS 
transistor turning into said 1st terminal, and the source terminal and drain terminal of said MOS 
transistor turning into said 2nd terminal. 

[Claim 5] It is the sensor circuit for surface type-like recognition characterized by setting the capacity 
value Cs of said capacitative element as {(Cfv+Cp) (Cfr+Cp)} 1/2 when the capacity value the greatest 
[ of Cp and said capacity sensor component ] and minimum is set to CfVCfr for the parasitism capacity 
value generated for the 1st terminal of said capacitative element in which claim of claim 1 thru/or claim 
4, respectively. 

[Claim 6] It is the sensor circuit for surface type-like recognition characterized by setting the capacity 
value Cs of said capacitative element below to the maximum of the capacity value of said capacity 
sensor component in which claim of claim 1 thru/or claim 4. 

[Claim 7] It is the sensor circuit for surface type-like recognition characterized by the capacity value Cs 
of said capacitative element having the range from lOfF to 250fF(s) in which claim of claim 1 thru/or 
claim 4. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the sensor circuit for surface type-like recognition 
which detects the shape of surface type which has detailed irregularity, such as human being's 
fingerprint and a muzzle pattern of an animal. 
[0002] 

[Description of the Prior Art] As a sensor which recognizes the shape of surface type which has detailed 
irregularity, what used especially fingerprint detection as the target is reported. Moreover, the sensor of 
a capacity detection form using the LSI manufacturing technology as a technique of detecting the pattern 
of a fingerprint is proposed. This is for example, TSSCC. DIGEST OF TECHNICAL 
PAPERSTEBRUARY 1998 It is indicated by pp.284-285. As shown in drawing 9 , each sense unit 1 is 
constituted on the LSI chip as a sensor array 2 by which two-dimensional array was carried out, and the 
sensor of a capacity detection form detects the electrostatic capacity formed between the electrode of 
each sense unit 1, and the skin of the finger 3 touched through the insulator layer, and senses the 
concavo-convex pattern of a fingerprint. Since the values of the capacity formed of the irregularity of a 
fingerprint differ, the irregularity of a fingerprint can be sensed by detecting this very small capacity 
difference. 

[0003] Drawing 7 is the block diagram showing the basic configuration of the conventional sensor 
circuit which used this principle. Namely, this sensor circuit for surface type-like recognition The 
capacity sensor component 1 1 which has the capacity value Cf formed between the electrode of the 
sense unit 1, and the skin of the finger touched through the insulator layer, The signal generating circuit 
13 which consists of the switch SW2 and current source 12 which generate the voltage signal according 
to the capacity value Cf of the capacity sensor component 1 1, It consists of a detector 20 which detects 
the voltage signal by the signal generating circuit 13, and a switch SW1 for supplying outer potential 
**** t0 the joint Nl which is a node of the electrode of the capacity sensor component 11, and a signal 
generating circuit 13. In addition, Cp in drawing shows parasitic capacitance. 1 set of sense units 1 are 
constituted by such a capacity sensor component 1 1, a signal generating circuit 13, and detector 20 
grade. 

[0004] Since the value Cf of the capacity sensor component 1 1 is decided by distance of the sensor 
electrode (namely, electrode of the sensor component 1 1 connected to the joint Nl side of drawing 7 ) of 
this capacity sensor component 11, and the skin of a finger, the value Cf of the capacity sensor 
component 1 1 changes with irregularity of a fingerprint here. Therefore, if a finger 3 touches the 
location equivalent to the joint N2 of drawing 7 , the voltage signal according to the irregularity of a 
fingerprint will be outputted to a joint Nl side. This voltage signal will be detected as a signal which 
reflected the irregularity of a fingerprint by the detector 20, consequently a fingerprint pattern will be 
detected. 

[0005] Drawing 8 is a timing chart for explaining actuation of the sensor circuit for surface type-like 
recognition shown in drawing 7 . First, the control signal P which controls closing motion of a switch 
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SW1 serves as Low level ( drawing 8 (a)). Moreover, the control signal S which controls closing motion 
of a switch SW2 serves as Low level ( drawing 8 (b)). Therefore, each switches SW1 and SW2 are in the 
open condition. At this time, the joint Nl serves as potential below outer potential **** ( drawing 8 (c)). 

[0006] In such a condition, if a control signal P changes from Low level to High level by ** at the time 
of drawing 8 (a), a switch SW1 will close, and it will be in switch-on, consequently the potential of a 
joint Nl will be precharged at outer potential **** ( drawing 8 (c)). 

[0007] After precharge is completed, as a control signal S shows drawing 8 (b), it changes to High level, 
at the same time it changes to Low level by ** the time of a control signal P being drawing 8 (a). By 
this, a switch SW1 will be in non-switch-on, a switch SW2 will be in switch-on, and the charge charged 
according to the current source 12 at the joint Nl is drawn out. Consequently, the potential of a joint Nl 
falls ( drawing 8 (c)). Here, if the High level period of a control signal S is set to deltat, it is potential fall 
deltaV of the joint Nl after deltat progress. deltaV=Ideltat/(Cf+Cp) (1) 
It comes to be alike. However, I is the current of a current source 12. 

[0008] Here, since Current I, period deltat, and parasitic capacitance Cp are fixed respectively, potential 
fall deltaV is determined by capacity Cf. Since each sense unit 1 is decided by distance of the electrode 
of the capacity sensor component 11, and the skin of a finger, the value of capacity Cf changes with 
irregularity of a fingerprint. The magnitude of fall potential deltaV changes from this reflecting the 
irregularity of a fingerprint. 

[0009] That is, if the value of the capacity sensor component 1 1 which is equivalent to the heights of 
Cfv and a fingerprint in the value of the capacity sensor component 1 1 equivalent to the crevice of a 
fingerprint is set to Cfr, difference deltaVi of the voltage signal of the crevice of a fingerprint and 
heights should be shown in drawing 8 (c). deltaVi=Ideltat/(Cfv+Cp) 
- Ideltat/(Cfr+Cp) (2) 

It becomes. Since such signal deltaVi is given to a detector 20 as an input signal, in a detector 20, the 
signal which the irregularity of a fingerprint was identified and reflected the irregularity of a fingerprint 
can be outputted. 
[0010] 

[Problem(s) to be Solved by the Invention] The conventional sensor circuit shown in drawing 7 and 
drawing 8 is performing drawing of the charge of a joint Nl according to the current source 12. Since 
such a current source 12 was established for every sense unit, it needed to control to homogeneity the 
amount of currents of each current source in each sense unit, and the time amount which keeps 
lengthening a charge. However, there was a problem that it was difficult to produce all current sources 
to homogeneity in fact, and the detection precision of the whole sensor circuit which consists of each 
sense unit for this reason got worse. Therefore, this invention aims at raising the detection precision of 
the sensor circuit for surface type-like recognition. 
[0011] 

[Means for Solving the Problem] The capacity sensor component from which capacity changes 
according to the shape of surface type of the object with which this invention contacted in order to solve 
such a technical problem, The signal generating circuit which generates the voltage signal according to 
the capacity of a capacity sensor component, It consists of a detector which is connected at the joint 
which shows the node of a capacity sensor component and a signal generating circuit, and detects the 
voltage signal of said joint. A detector is a sensor circuit for surface type-like recognition which detects 
and outputs the voltage signal of said joint after a charge is charged at said joint. While constituting 
from a capacitative element which has the capacity value Cs to which the 1st terminal is connected in a 
signal generating circuit at said joint while having the 1st and 2nd terminals and setting the electrical 
potential difference of the 2nd terminal of a capacitative element as the 1st potential After a charge is 
charged at said joint, it characterizes by changing the 2nd terminal to the 2nd potential and having made 
it generate a voltage signal from a capacitative element. In this case, while the 1st potential is set to 
either the power-source potential of a sensor circuit, and ground potential, the 2nd potential is set as any 
of power-source potential and ground potential, or another side. Moreover, a capacitative element 
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consists of semiconductor devices. Moreover, the above-mentioned semiconductor device consists of 
MOS transistors, the gate terminal of an MOS transistor turns into the 1st terminal in this case, and the 
source terminal and drain terminal of an MOS transistor turn into the 2nd terminal. Moreover, when the 
capacity value the greatest [ of Cp and a capacity sensor component ] and minimum is set to CfVCfr for 
the parasitism capacity value generated for the 1st terminal of a capacitative element, respectively, the 
capacity value Cs of a capacitative element is set as {(CfV+Cp) (Cfr+Cp)} 1/2. Moreover, the capacity 
value Cs of a capacitative element is set below to the maximum of the capacity value of a capacity 
sensor component. Moreover, the capacity value Cs of a capacitative element has the range from lOfF to 
250fF(s). 
[0012] 

[Embodiment of the Invention] Hereafter, this invention is explained with reference to a drawing. 
Drawing 1 is the block diagram of the sensor circuit for surface type-like recognition concerning this 
invention. In drawing 1 this sensor circuit for surface type-like recognition The capacity sensor 
component 1 1 which has the value Cf formed between the electrode of the sense unit 1, and the skin of 
the finger touched through the insulator layer, The signal generating circuit 15 containing the drive 
capacitative element 14 which has the capacity value Cs which generates the voltage signal according to 
the capacity value Cf of the capacity sensor component 1 1, It consists of a detector 20 which detects the 
voltage signal by the signal generating circuit 15, and a switch SW1 for supplying outer potential **** 
to the joint Nl which is a node of the capacity sensor component 1 1 and a signal generating circuit 15. 
In addition, Cp in drawing shows parasitic capacitance. 1 set of sense units 1 are constituted by such a 
capacity sensor component 1 1, a signal generating circuit 15, and detector 20 grade. 
[0013] Since the value Cf of the capacity sensor component 1 1 is decided by distance of the sensor 
electrode (namely, electrode of the sensor component 1 1 connected to the joint Nl side of drawing 1 ) of 
this capacity sensor component 11, and the skin of a finger, the value Cf of the capacity sensor 
component 1 1 changes with irregularity of a fingerprint here. Therefore, if a finger touches the location 
equivalent to the joint N2 of drawing 1 , the voltage signal according to the irregularity of a fingerprint 
will be outputted to a joint Nl side. This voltage signal is detected as a signal which reflected the 
irregularity of a fingerprint by the detector 20, consequently a fingerprint pattern is detected. 
[0014] The amount of charges which the signal generating circuit 15 in the sensor circuit shown in 
drawing 1 is made to perform drawing of the charge of a joint Nl using the charge and discharge of the 
drive capacitative element 14, and is drawn out is controlled by the capacity Cs and driver voltage Vs of 
the drive capacitative element 14. Here, the amount of charges drawn out by setting the driver voltage 
Vs shown in drawing 1 as supply voltage level (VDD) or a grand level (GND) through a switch SW3 is 
controlled. The control based on the charge and discharge of the capacity value Cs of the drive 
capacitative element 14 has a precision higher than control by the current value of the conventional 
current source 12 shown in drawing 7 , and control of the driver voltage Vs of the drive capacitative 
element 14 is easy and highly precise compared with the conventional time control shown in drawing 8 , 
and can be controlled. 

[0015] Next, the signal generation approach of the signal generating circuit 15 of drawing 1 is explained 
using drawing 2 . Here, the case where the front face of a finger is detected as the shape of surface type 
is explained. Potential of a control signal P is made into High level by ** at the time of drawing 2 (a), a 
switch SW1 is closed, and outer potential **** is precharged at a joint Nl. Then, potential of a control 
signal P is made into Low level by ** at the time of drawing 2 (a), and a switch SW1 is opened. As 
shown in drawing 2 (b), only delta Vs reduces the driver voltage Vs of the drive capacitative element 14 
in a signal generating circuit 15 to coincidence, the charge of a joint Nl is drawn out, and the input 
signal by the side of a detector 20 is produced. 

[0016] Here, about precharge potential, if the value of **** and the capacity sensor component 1 1 is set 
to Cf and variation of the driver voltage Vs of Cs and the drive capacitative element 14 is set 
[ parasitism capacity value ] to deltaVs for the capacity value of Cp and the drive capacitative element 
14, variation deltaV of the input signal given to a detector 20 side will become like a formula (3). 
deltaV=deltaVs/{ 1+ (Cf+Cp) / Cs} (3) 
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[0017] Moreover, dynamic range deltaVi of this signal variation is as follows, 
delta Vi=delta VMAX-delta VMIN =deltaVs/{l+ (CfV+Cp) / Cs} 
- deltaVs/{l+ (Cfr+Cp) / Cs} (4) 

The capacity value with which Cfv in a formula (4) is equivalent to the crevice of a fingerprint among 
the capacity Cf of the capacity sensor component 11, and Cfr show the capacity value which is 
equivalent to the heights of a fingerprint among the capacity Cf of the capacity sensor component 11. 
[0018] A semiconductor device can also realize the drive capacitative element 14, and as shown 
especially in drawing 3 (b), an MOS transistor can be used as a drive capacity of drawing 3 (a). What is 
necessary is just to make it a PMOS transistor used for it although drawing 3 (b) is the example of an 
NMOS transistor, when the polarities of the supply voltage of a sensor circuit differ. Furthermore, the 
gate terminal of an MOS transistor is connected to the capacity sensor component 11, and the drive 
capacitative element 14 by which the parasitic capacitance of the source terminal of an MOS transistor 
and a drain terminal is not connected to the capacity sensor component 1 1 can be realized by controlling 
the electrical potential difference of a source terminal and a drain terminal. 

[0019] It is so good that dynamic range deltaVi shown in a formula (4) is large since it serves as an input 
signal to a detector 20. The relation between parasitism capacity value Cp=50fF, CfV=10fF, Cfr=100fF, 
dynamic range deltaVi at the time of deltaVs=2.7V, and the value Cs of the drive capacitative element 
14 is shown in drawing 4 here. 

[0020] In drawing 4 , the value Cs of the drive capacitative element 14 from which dynamic range 
deltaVi serves as max exists, and the values Cs of the drive capacitative element 14 are about 95 fF(s) in 
this case. The value Cs of the drive capacitative element 14 that dynamic range deltaVi becomes max 
from the above-mentioned formula (4) Cs={(Cfv+Cp) (Cfr+Cp)} 1/2 (5) 

What is necessary is to be at the ** time, to do in this way and just to select the value Cs of the drive 
capacitative element 14. 

[0021] Here, the size of a sensor electrode is restricted from the pattern of a fingerprint, and the 
sensibility of a sensor circuit, and becomes 20um angles - lOOum angle extent. Cfr at this time - 20fF- 
350 - fF and Cfv are set to 5 or less fFs, and Cp sets it 10fF(s) - 170fF extent. Since Cfv is small, it may 
fix with 5fF(s) and it may think, and the optimum value of the value Cs of the drive capacitative element 
14 at the time of changing Cfr and Cp becomes like drawing 5 . What is necessary is just to set the value 
Cs of the drive capacitative element 14 from the above thing below to the capacity Cfv of the crevice of 
a fingerprint. 

[0022] Furthermore, by actual manufacture, you may consider Cp=CfV/3, and CfV=CfV/20. In this case, 
the optimum value of the value Cs of the drive capacitative element 14 serves as about 0.7 Cfv(s). This 
relation is shown in drawing 6 . Therefore, the value Cs of the drive capacitative element 14 has about 
about 0.7 optimal times of Cfv, and the range becomes 10fF(s) - 250fF extent from the range of above 
Cfv. thus, in order to perform drawing of the charge of a joint Nl using the charge and discharge of the 
drive capacitative element 14, without performing drawing of the charge by the current source, the time 
amount which builds a current source in many sense units, and draws out the amount of currents and 
charge is controlled with a sufficient precision by the signal generating circuit 15 ~ like - things 
become unnecessary, therefore the sensing precision of a sensor circuit can be improved with an easy 
configuration. 
[0023] 

[Effect of the Invention] The capacity sensor component from which capacity changes according to the 
shape of surface type of the object which contacted according to this invention as explained above, In 
the sensor circuit for surface type-like recognition equipped with the signal generating circuit which 
generates the voltage signal according to the capacity of a capacity sensor component, and the detector 
which is connected at the joint which is connection between a capacity sensor component and a signal 
generating circuit, and detects a voltage signal While constituting from a capacitative element which has 
the capacity value Cs to which the 1st terminal is connected in a signal generating circuit at said joint 
while having the 1st and 2nd terminals and setting the electrical potential difference of the 2nd terminal 
of a capacitative element as the 1st potential Since the 2nd terminal is changed to the 2nd potential and it 
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was made to generate a voltage signal from a capacitative element after the charge was charged at said 
joint What controls the time amount which builds a current source in many sense units, and draws out 
the amount of currents and charge of each current source with a sufficient precision is avoided, therefore 
can improve the detection precision of a sensor circuit. Moreover, since the 2nd potential impressed to 
said 2nd terminal was set as any of power-source potential and ground potential, or another side while 
setting the 1st potential impressed to the 2nd terminal of a capacitative element at this time to either 
power-source potential and ground potential, when controlling the potential of the 2nd terminal, it can 
control by the easy configuration. Moreover, since the gate terminal of the MOS transistor which is the 
above-mentioned semiconductor device is used as the 1st terminal and it was made to use the source 
terminal and drain terminal of a transistor of a parenthesis as the 2nd terminal while constituting the 
capacitative element from a semiconductor device, an accurate capacitative element is producible. 
Moreover, since the capacity value Cs of a capacitative element was set as {(CfV+Cp) (Cfr+Cp)} 1/2 
when the capacity value the greatest [ of Cp and a capacity sensor component ] and minimum was set to 
CfvCfr for the parasitism capacity value generated for the 1st terminal of a capacitative element, 
respectively, when detecting the irregularity of a fingerprint as the shape of surface type, the crevice and 
heights of a fingerprint can be identified exactly. Moreover, since the capacity value Cs of a capacitative 
element was set below to the maximum of the capacity of a capacity sensor component, the shape of 
surface type of the object which has detailed irregularity is detectable with a sufficient precision. 
Moreover, since capacity value Cs of a capacitative element was made into the range from 10fF(s) to 
250fF(s), an accurate capacitative element can be manufactured easily. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the sensor circuit for surface type-like recognition concerning this 
invention. 

[Drawing 2] It is the timing diagram which shows the situation of the sensor circuit of drawing 1 of 
operation. 

[Drawing 3] It is drawing showing the example of the drive capacitative element in the signal generating 

circuit which constitutes the sensor circuit of drawing 1 . 

[Drawing 4] It is the property Fig. of the sensor circuit of drawing 1 . 

[Drawing 5] It is the property Fig. of the sensor circuit of drawing 1 . 

[Drawing 6] It is the property Fig. of the sensor circuit of drawing 1 . 

[Drawing 7] It is the block diagram of the conventional sensor circuit. 

[Drawing 8] It is the timing diagram which shows the situation of the sensor circuit of drawing 7 of 
operation. 

[Drawing 9] Each sense unit is drawing showing the sensor array formed in the shape of a grid. 
[Description of Notations] 

1 [ - A capacity sensor component, 14 / - A drive capacitative element, 15 / ~ A signal generating 
circuit, 20 / A detector, SW1, SW3 / « A switch, Cp / ~ Parasitic capacitance, Nl, N2 / - A joint, 
****/__ Foreign voltage. ] - A sense unit, 2 - A sensor array, 3 - A finger, 1 1 
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DRAWINGS 



[Drawing 1] 
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